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TEIIVIOBAA MATEMATUYECKASA MO/IEJ/Ib
[HOJIYIITPOBOAHNKOBbBIX IITPUBOPOB
[P M3MEPEHNN BAX MMIIYJIbCHbBIM CITIOCOBOM

B pabome mennosas mamemamuueckas Mooe b UCRONbIOBAHA 0Ll OUEHKU CAMOPA30ZPesa NOLYNPO8OOHUKO-
661X NPUOOPOS 6 NPOUECCEe USMEPEHUS UX BOILM-AMNEPHOU XAPAKMEPUCTIUKU UMNYTLCHBIM cnocobom. TTpo-
AHATUSUPOBAHO BIUSIHUE CAMOPAZ0ZPEBA HA INEKMPUUECKUE NAPAMEMPbL NOSYNPOBOOHUKOBLIX npubopos. Chop-
MYAUPOBANDL PEKOMEHOAUUU NO 6bIOOPY 3HAUCHUT NAPAMEMPOE USMEPUMENLHOU UMNYIbCHOU NOCAEI08A-
MeALHOCU, UCNONLI0BANHUE KOMOPLIX NO3EOAACM MUHUMUIUPOSAMb CAMOPA302PEE NOAYNPOEOOHUKOEOT

CMpYKMypol.

Kmouesvie caosa: 6o1vm-amnepnas xapakmepucmuxd, noiynposooHUKosviil npudop, uMnyivCHolil cnocoo

Umeperus, menioeas Modew.

Pa3paboTymky 31eKTPOHHON alaparypbl 4acTo
CTAJIKUBAIOTCS C HEOOXOANMOCTBIO N3MEPEHNUST BOJTBT-
amrepubix xapakrepuctuk (BAX) passindnbix mo-
JytpoBoAHUKOBbIX pu6opos (IIII), aus vero uc-
MOJIb3YIOTCSI CIIEIMAIN3UPOBAHHbIE N3MEPUTEbHbIC
npubopbl — xapakrepuorpadoi. OCHOBHBIM Tpe-
6oBaHueM K xapakrepuorpadam, Kak u K JIOObIM
MU3MEPHUTEJIbHDBIM YCTPOHCTBAM, SIBJISIETCSI BBICOKAsI
TOYHOCTb U3MEPEHUIA.

V3BecTHO, YTO Ha MapaMeTpbl U XapaKTepUCTH-
ku IIII cymecTBeHHOE BJMSHUE OKA3bIBAIOT KOJle-
6anus temreparypsl [1], npuyem ato BiusiHue 3a-
YacTyl0 BbI3BAHO HE CTOJIbKO TEMIIEPaTypOl OKpY-
JKarolel cpesibl, CKOJbKO SBJIEHUEM CaMopa3orpe-
Ba IOJIyIIPOBO/IHIKOBON CTPYKTYPBI BO BpeMsI IIPO-
Tekanus Toka. Hampumep, B mporiecce u3MepeHus
BAX nuona BciencTBue ero caMmopa3orpeBa IoJio-
JKeHUe TIPSMOH BeTBH MOKET CYTIECTBEHHO OTKJIO-
HATBCSI OT MICXO/THOTO, U 3TO OTKJIOHEHUE OY/IEeT TeM
60JIbIIIe, YEM JI0JIbIIIE TIPOBOUTCSI U3MEPEHHE.

OmunmM 13 3(pPeKTUBHBIX MyTell CHUKEHUS BJIH-
sHMsg camopasorpesa IIII Ha ToYHOCTD M3MepeHUs
BAX gBisiercs ucnoJib30BaHe aBTOMATU3UPOBAHHBIX
UMITYJIbCHBIX CcIOocO60B M3MepeHus. Ilpu Takux ns-
Mepenusix Ha [111 mogaercst nocsie10BaTeIbHOCTD UM-
MyJIbCOB C OTHOBPEMEHHO perucTpalieil OTKJINKOB
[2—6]. B cBs3u ¢ TeM, 4TO TOK Uepe3 MccJieyeMblil
mpubOP MPOTEKAET TOTBKO B MOMEHTDI JIEHCTBHS UM-
IyJIbCOB, HAarpeB IIpHOOPa YMEHBIIAETCS.

WN3BecTHBI pasinvyHble MMITYJbCHBIE CIOCOOBI
usmepenuss BAX IIII. Tak, B [2] onucan croco0,
KOTOPDBIH IIPEAyCMaTpUBaeT CHHXPOHHYIO I0/Ia4y
BO3/IEHICTBYIONIUX HWMIYJbCOB [JUTEJbHOCTHIO B
HECKOJIBKO JIECSTKOB HAHOCEKYH/I BO BXOJHbIE U
BBIXO/IHBIE TIenn. XapaKTeprnorpad, ONMMCaHHBIA B
[3], dopMupyeT UMy IbCHYTO MTOCIE0BATEHBHOCTD
¢ niepuosioM 500 MKC U ¢ peryaupyeMbiM Koapdu-
nueHToM 3arnoJsinenud. B usmeputesne BAX maiio-

morubix [T ACC-4211 [4] tak:xe peasin3oBaH M-
MyJbCHBIN CIIOCO0 C JJUTETBHOCTBIO HUMITYJIHCOB
500 MKC ¥ I/IUTEIbHOCTBIO 11ay3 MEXK/y UMITYJIbCa-
mu 1500 mMxc. B [5] npuBeneHo onucanue aHaan3a-
TOpa TIapaMeTPOB CHUJIOBBIX ITOJIYITPOBOJHUKOBBIX
npubopoB dupmbl Agilent ¢ dynximeir xapaxre-
puorpada, HOpMUPYIOMETO WMITYJIbCHI [IINTEb-
HOCTBIO OT S0 MKc. Kpome Toro, MMITyIbCHBIN CTIO-
co6 TpUMEHSIETCS B M3MEPUTEJbHBIX Npubopax
«2430» u «2430-C» dupmer Keithley, rae moanso-
BareJieM MOKeT 33/1aBaThCsl JAJTUTETbHOCTD UMITY JIb-
coB ot 150 MKc 710 5 McC ¢ peryaupyemMbiM Ko du-
LIUEHTOM 3altoHenud [6].

Hapsiay ¢ atum, HM B 0/{HOU U3 3THX PaGOT HET
OIUCAHUSI KPUTEPUEB, B COOTBETCTBUU C KOTOPBIMU
MOKHO BBIOPATh JJIUTEJbHOCTb BO3/IEHCTBYIONINX
Ha [II] u3amMepuTeTbHLIX UMITYJIBCOB, a TAKXKE JIJIU-
TEJBHOCTh Tay3 Mexay Humu. OJHAKO JIJIUTEeJb-
HOCTb MMILYJIbCOB, npuemyaemad aasa oxnux IIII,
MOJKeT OKa3aTbCs HeJOCTATOYHOHN WJIH HEOTIpaB/IaH-
HO GOJIBIION /IS IPYTUX, TTOCKOJIBbKY OHU 06J1aj1a-
10T pa3anuHbiM ObIcTpo/ieiicTBueM. Kpome Toro, B
3aBUCUMOCTU OT TemoBbIX cBoiicTB IIIT pnutenn-
HOCTD TIay3 MEK/y UMITYJIbCaMHU MOXKET OKa3aThCs
HEZIOCTATOYHOH /IJIsT TIOJTHOTO OCTBIBAHUS p — n-Tie-
pexojia. ITO MOXKeT MPUBECTH K HAKOTLJIEHUIO Tell-
Jla B TIpollecce M3MEPEeHUs U, BCJEJCTBUE ITOTO, K
otkJjoHnennio BAX or nogiaunHoi [7].

Ilenpio Hacrostielr paboTbl OBLTIO TIOBBITIEHTE
tounoctu uaMmepenus BAX TIII npu ucnoab3osa-
HUU aBTOMATH3UPOBAHHOTO MMITYJIbCHOTO CIIOCO6a
3a CYeT yMEHbBINEHN Pa3orpena MoJIyITPOBOHUKO-
BOH CTPYKTYpBI. [l 3TOTO pentajnch ciaeayoie
3a/1a4M:

— TIOJlyYeHUe MaTeMaTU4eCcKOl MOJIeJU, TI03BO-
Jagronieil paccuurath Temneparypy IIII B mpoiiecce
u3Mepenus ero BAX MMIy IbCHBIM CITOCOO0OM;
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— onenka ortkjgoHenusas BAX IIII Bciencrsue
€T0 CaMOPa30oTrpeBa B TIPOIlecce U3MEPEHNS;

— olpej/ieJieHne TIapaMeTpPoOB UMIYJIbCHON W3-
MEepUTEJbHON TMOCAe0BATETLHOCTH, TPU KOTOPBIX
CaMopa3orpeB TMOJYNPOBOJHUKOBON CTPYKTYPBI
6yJleT MUHUMAJIbHBIM.

TensioBast MaTemMaTHyecKas MO/J€J/1b

OCHOBHBIMI TTAPaMeTPaMU MOJTYTTPOBOTHUKOBOTO
1pu6opa, KOTOPbIE UCIOJIb3YIOTCS IPU AHAJU3E €TO0
TENJIOBBIX PEKMMOB, SIBJISIIOTCS TEILJIOBOE COIIPOTUB-
JIeHWEe U TEeTJIOBas TOCTOSTHHAS BpeMeHU. TerioBoe
COIIPOTUBJIEHNE TIPETSITCTBYET PACIPOCTPAHEHUIO
reria B II11, a TensioBad nocrossHHas BpeMeHU Xa-
paKTepu3yeT ero TeIJOBYI0 HMHEPIIMOHHOCTD.

[MonynpoBoHUKOBBINT TPUGOP paccMaTPUBAET-
cd KaK CTPYKTypa, cocrosmas u3 m obmacreit (mmo-
JIyTPOBOJTHUKOBBIN KPUCTAJLJI, MPUTOW, KOHTAKT-
HbIE BBIBOJDBI, KOPIYC U T. [.), U Kaxaas k-1 00-
JIacTh UMeeT COOCTBEHHOE TETIJIOBOE COITPOTHBJIEHHE
R, u tennosyto nocrosuuyto spemenu T',. Tpau-
IMOHHAS TeIIoBas MareMarnueckast Mmozessb 1111 [1]
OTTMCBIBAET HATPEB M OCTbIBaHHME TPHOOpPa B COOT-
BETCTBUHM C DKCIIOHEHI[UAIbHBIM 3aKOHOM:

m

eheat(t)zszk 1-exp _Ti ) (1)
k=1 k
- tim) t
Ot (£) =P Y R, | 1—exp| ——£ | | exp| —— |,(2)
k=1 T, k
rae 0, — TeMueparypa BO BPeMs [EHCTBHUS MMITYIbCA
MOTITHOCTH;
0., — TeMIeparypa B MHTEpBaje I1ay3bl;
P, t. ~— MOIHOCTb W JJTUTEJbHOCTb BO3/EHCTBYIO-

imp
IEro MMITyJibCa COOTBETCTBEHHO.

B [1] Tak:xe orMeuaetcsi, 4TO B pEsKUMe KOPOTKUX
BO3/IEUCTBYIONIMX UMITYJIbCOB MUJLIUCEKYHIHOTO JIU-
arasoHa JI0JIst y4acTust BHEITHUX 00/1acTell KOHCTPYK-
muu [1I1 B o6mem nporiecce HarpeBa p — n-Tepexoja
MPAKTHMYECKW PaBHA HYJIO0. B COBpeMEHHBIX cpejl-
CTBaX M3MEPEHUs JJINTEJHbHOCTh MCIOJIb3YEMbIX M-
I1yJIbCHBIX BO3/ICHCTBUIA MaJjia ¥ COCTABJISCT JECATKU-
cotHn MUKpocekyHA. CienoBaTesbHO, TIPU U3Mepe-
Hu BAX uMIyJbCHBIM CIIOCOGOM € TIPUMEHEHHEM
TaKUX CPEJCTB HArpeB Oy/IET JIOKAJIN30BAH TOJIBKO B
obsactu p — n-nepexoza I11I. C yyerom atoro, a Tak-
ke Bbipakennii (1) u (2), npemaraercs creayro-
1asT yCOBEPITEHCTBOBAHHAS TETLJIOBAS MOJIED:
—nput(i—-1)<t<t,, +1(i-1)

imp

e(l’t) = ei—1 + PiRtlzjc 1- eXp| — — | |» (3)
Y;fhjc
o HPH timp + T(l - 1) < t < Ti
t.
e(i’t) = ei—1 + PiRL-h]'c 1- exp L X
thjc
t—t. —-71(i—1
X exp B (l ) (4)

T,

hjc

rae  0,_, — remneparypa IIII nocne peifctsua i-ro
UMITyJTbCa C Tay30ii;
P, — MOmWHOCTb i-TO BO3/JEHCTBYIONIEIO MM-
TyJIbCa;
Rthjc, T, . — TemJoBOe COMPOTHBJICHUE U TEIJIOBAas IMO-

e CTOSTHHAs1 BpEMEHH 00JIaCTH <IIepPexo]] —
KOPILyC»;
T — Iepuoj; cJaeJoBaHUs BO3/EHCTBYIOUIUX
UMILYJIbCOB.

JTa MaTeMaTunyecKkas Mol b YIYUThiBaeT aheKT
HakoiieHnga Tensa B crpykrype IIII, mosBossier
paccuutath Temnepatypy kpuctasia III1 B mro6oii
MOMEHT BPEMeHU IIPU BO3/EeHCTBUU HA HETO 3a/1aH-
HOM 1OCJIe1OBATEIbHOCTH IPSIMOYTOIbHBIX UMITYTh-
COB MOTITHOCTH. [[/1s1 pacueTa TeMIeparypsl ¢ TTOMO-
HIbI0 3TOM MOJIeJM HEOOXOAUMO 33/1aTh TETIOBbIE
napamerpsbl 111, a Takske nmapameTpbl BO3JEHCTBY-
IOLUX UMITYJIbCOB: MOUTHOCTD, JJIUTEIbHOCTD U Tie-
pUOJ CJIeJOBAHUS.

MoaeupoBaHue npouecca HarpeBa CHJIOBOIO
u MajgomoinHoro IIII npu uamepenun nx BAX

[TockoabKy TPaH3UCTOP SABJSETCSA YCUIATETBHBIM
npubOpOM, JlaXke He3HAUNTENbHbIE U3MEHEHUS €ro
BXO/HBIX XapPaKTEePUCTUK IO/l BANIHIEM TeMIlepa-
TYPBI MOTYT CYIIECTBEHHO OTPa’KaThCd HA M3MeHe-
HUW BBIXOAHBIX. [loTOMy mpoBemeM MojeanpoBa-
HIe TIPOIecca N3MEeHEHNs TeMIepaTypbl CHJIOBOTO
1 MasoMontHoro noseBbix MOII-Tpan3ncTopoB npn
nsmepennu nx BAX. Otnennm BanusgHuE TeMIepa-
TYPBI Ha UX 3JEKTPUYECKIe TTapaMeTPhl M CTETIeHb
oTkJoHeHus BAX npu ciaepyomux MCXOAHbIX I1a-
pameTpax:

— HavajibHas Temnepatypa 0, = 25°C;

— HampsKeHne «CTok — uctok» U, = 10 B;

— KOJIMYECTBO UMITYJICOB 25.

Paccmompum 6 kawecmse npumepa cunosozo 1111
n-kananvuvii nosesoti M OII-mpansucmop IRF2804.
OcHOBBIBasICh Ha JAHHBIX 06 aHAJIM3ATOPE TapaMe-
poB cuioBbix IITT Agilent B1505A [5], mpumem
JUTHTEJIbHOCTD UMITYJIbCA timp=50 MKC, JIJTUTETHHOCTD
May3bl tp=200 MKc. B cooTBeTcTBIM Co crienmduka-
uueit rpansucropa IRF2804 ot nipoussoauresis [8],
TEIJIOBOE CONPOTHBJIEHHE <IEPEXO/l — KOPITYC»> Ry
1pK BbIOPAHHBIX £;, 1 t, cocrasisier 0,115 K/Br.
Coruyiacto pekomenjarusim [9, 10], nmpumem Teruio-
emkoctb C,,=0,003 Br-c/K. Cuenosarenbto, Te-
IJI0BasI IIOCTOSIHHAsT BpeMeHu Oy/leT paBHa

Tuje = RinjeCu = 3,45-107% c. (5)

MomHOCTh MPUKJIAABIBAEMBIX UMIIYJIbCOB P
oIIpe/iesIgeTcs CyMMapHOil MOITHOCTBIO YIIPaBJIsA-

Iy
D
I G@ p2®

Puc. 1. Cxema nogaun
1 UMITYJTbCOB HA TIOJIEBOI
MOII-rpan3ucrop
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Puc. 2. V3menenne TeMmepaTypbl CHJIOBOTO TPaH3U-
cropa IRF2804 B mpomecce uamepenus ero BAX
UMITYJIbCHBIM CHOCOGOM

IOIIEr0 MMITyJibca P, u muraiomero ummyJbca P,
(puc. 1). ITocKOIBKY TOK 3aTBOpa MOJIEBOTO TPaH-
31CTOPA TIPEHEOPEKNUMO MaJl, MOIITHOCTb BO3/IEHCTBY-
IOIEro CUrHaa Oy/IET ONPEIE/IAThCS MOIHOCTBIO P, .
[lnst pacueToB 3a/1a/1UM CJIeIyTOTIUE TAPAMETPhI:
— MOITHOCTD 1epBoTo uMmyJbca 50 Br;
— Iar U3MeHEHUs MOIHOCTU MMITYJIbCHOM T0-
cJeoBaTesibHOCTH 25 Br.

PesynbTater pacueTa, pecTaBJIeHHBIE HA PUC. 2,
1oKasaJu, 4yTo 3a BpeMs usmepenus BAX ykaszan-
HbIM crioco6oM uccaenyembrii I1I1 Harpeercs na
76°C. IlpoananusupyeM, HaCKOJbKO CYIIeCTBEHHO
BJIMSTHUE TAKOTO HAarpeBa Ha 3JIEKTPUYEeCKUe XapaK-
Tepuctuku cuaosoro II1I.

OnanM W3 OCHOBHBIX TTapaMeTPOB IIOJEBOTO
TPAH3WUCTOPA, 3aBUCSIIUX OT TEMIIEPATYPHI, SBJIS-
eTcsi ero TOK cToka. CTerneHb BJIUSHUS TEMIEPATY-
pPbI Ha 3TOT TAapaMeTpP XapaKTepu3yercs TeMIlepa-
TYPHBIM K03(M( UIMEHTOM TOKA CTOKA, KOTOPBIH
MTOKA3bIBAET BO CKOJbKO Pa3 M3MEHNUTCS TOK CTOKA
TpPaH3WCTOPA MPU U3MEHEHNN eTo TeMIlepaTypbl Ha
1°C, u cormacuo [11] Beruncasiercs o dopmy.ie

1 dK 2 dU,
K, (Us)=——7- ¢,
uUos) = 33 (Ugs —U,) d ()
rie K — yaenbHas KpyTH3HA MepeJaTOYHON XapakTe-

PHUCTHKH;
HaIpsDKEHUE «3aTBOP — HCTOK»;
MIOPOrOBOE HAIpsKEeHHe.

Ugs —
U, —

Wcrionb3yst uncioBble 3HAYEHUS] TTAPAMETPOB,
npuBesieHnbie B [8, 11], MOXKHO onpeieiuTh 3HaYe-
HUe 3Toro KoadduimenTa Mpyu 3a/[aHHOM HATIPS-
JKEHNM «3aTBOP — HUCTOK» U ¢, M 3aTeM paccuu-
TaTh M3MEHEHHE TOKA CTOKa Af p TPH M3MEHEeHNn
TemuepaTrypbl Ha AB:

AL (U s)=1, K, ,(Ugg) A6 (6)

ITO BbIPKEHHUE 1T03BOJISIET PACCUUTATD U3MEHe-
HUSI TOKA CTOKA TPAH3KMCTOPa B MHTEPBAJIE e CTBIS
KaXX/|oOT0 UMILYJIbCAa U OLIEHUTb OTKJOHEHHUE €ro
BAX. Ha puc. 3 nmpencraBaennr nepegarouras BAX
u3 crnenudukay Ha Tpansuctop IRF2804 [8] pu
temneparype nepexona 25°C u BAX, paccuuran-
Hasl ¢ y4eTOM HarpeBa ero CTPYKTYpbl B IIpoliecce
MU3MePEHHUS.

I A
D 2

60

1
40 7
.——"'_.-'_F-
20
44 46 48 50 52 Uy B

Puc. 3. Ilepematounas BAX cuioBoro TpaH3ucTopa
IRF2804, npusenennas B cnenupukanuu (1) u pac-
cuMTaHHasg ¢ yderoM Harpesa (2)

Pacuernl mokasanu, 4T0 MaKCUMaJIbHOE OTKJIO-
HeHue TOKa CToKa Al B pesyJ/ibTaTe HaKOILJIECHUS
terta pgocturyo 10,8 A, uro cocrasusno 16,6% ot
MaKCUMAJbHOTO 3HAUEHUS TOKA Ha TMACIOPTHOU
BAX, cpennekBajpaTuyeckoe OTKJOHEHUE XapaK-
TEPUCTUKH COCTABUJIO 4,9 A.

Takum 06pa3oM, TIPOBE/IEHHBIE PACYETHI ITO/ITBEP-
JIAJIA, YTO HEKOPPEKTHOE 3a/l[aHKe TTapaMeTPOB UM-
IIyJbCHON MOCJE0BATEJbHOCT IIPU U3MEPEHUU
BAX cunosoro IIII MmoxeT IpuBeCTH K 3HAYUTEb-
HOMY HarpeBy €TO CTPYKTYPBI U, BCJEACTBE ITOTO,
K CYIIIECTBEHHOMY UCKAKEHWIO M3MePsIeMOil XapakK-
TEPUCTUKU.

Paccmompum 6 kawecmee npumepa 1111 manot
MowHOCMU N-Kanaavuwvill noaeeoi MOII-mpan-
sucmop 2N7000. Tennosbie mapamerpsn! 1111 3a1a-
JIUM COTJIaCHO JaHHbIM u3 crenuduramnuu [12]:
R, =10,8 K/Br, C;;=0,003 Brc/K, T, =0,032 c .

[lnst pacueToB 3a/1a1MM CJIeIyToIIHe TapaMeTphl:

— MOIITHOCTH TiepBoro MMITyJibca 0,8 Br;

— MIar U3MeHEeHMsT MOTITHOCTH MMITYJIbCHOM T0-
caeposBarespHoctu 0,8 Br.

PesynbraThl BbIYMCJIEHUI, TTPEACTABIEHHbBIE HA
puc. 4, mokasaJu, yto npu uamMepennn BAX maJo-
motrHoro I1IIT ero ctpykrypa HarpeBaetcs Ha 4,3°C.

AHanM3 BJIUSHUS TEMIEPATypPbl HA 3JIEKTpHUYe-
CKHe XapaKTepUCTUKHU MpubOpa MPOBO/UJICS aHAa-
Jornano cusioBomy 1111, ero pesysbraTs! mpeacTas-
JIEHBI HA PHUC. .

0, °C

Temneparypa | P, Br

29 —1 120
MMy ibebl MOIITHOCTH

28
27 ||K 10
26

2,5 5,0

0 t, MKC

Puc. 4. VI3amenenue TeMmepaTrypbl MaJIOMOITHOTO TPaH-
sucrtopa 2N7000 B mporiecce usmepenusi ero BAX um-
MyJIbCHBIM CIIOCO60M
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G
1,5 ’ ,
1,0 / 1,8
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0,5 /.f'/ 1,7
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Puc. 5. Ilepenarounas BAX MasoMOIIHOTO TPaH3HUCTO-
pa 2N7000, npuseaenuasa B cnenuduranun (1) u pac-
cuMTaHHasg ¢ yderoM Harpesa (2)

Pacuernr mokazanm, 4To MakCMMAaJIbHOE OTKJIO-
HEHHe TOKa CToKa Al,, B pe3ysbTaTe HaKOILJIEHUS
terta jgocturyo 18 MA. ITo 3HaYeHNWE COCTaBUJIO
0,9% or MakCHMaJIbHOTO 3HAYeHHs] TOKa Ha Tac-
noptHoit BAX [12], a cpeHekBajipaTuyecKoe OT-
KJIOHEHUE XapaKTePUCTUKN coctaBmao 6,8 MA. To
ectb uckaxenue BAX manomomninoro IIII menee
CYIIIECTBEHHO, YEM CHUJIOBOTO, & YNCJIOBbIE 3HAUEHIIS
OTKJIOHEeHUS 1tosrydeHHoit BAX oT macnopTHOi 1pe-
HEeOPEKUMO MaJIbl, YTO OODBSICHSIETCS MEHBIIIUM Ha-
IrpeBoM CcTPyKTypbl Masiomolniaoro IIIT B mportecce
M3MepeHuil.

BpemenHble mapaMeTpbl UMITYJIbCHBIX BO37eii-
crBuii npu uamepennn BAX

[ns uckmoyenns usnuiiHero Harpesa II1T Bo
BpEMSI JIENCTBUS MMITYJIbCA €T0 JIJIUTEJbHOCTD J0JI-
sKHa ObITh MUHMMAJIbHOMI, HO JJOCTAaTOYHOW JIJIS 3a-
BepIIeHNsI TePeXOHOTO Tpollecca. AHAIM3 TMapa-
MeTpoB coBpeMeHHbIX IIT1 Takux mpousBouTeiei,
kak Fairchild Semiconductor, ON Semiconductor,
Texas Instruments, NXP, mokasaj, 4To MaKcHu-
MaJibHAasI JIJIUTEJbHOCTD TIEPEXOIHOTO TIpollecca He
npesbimaer 10 MKC Kak JJIs1 MaJOMOINHBIX, TaK U
quig cunosbix 11, Tloatomy nipu usmepenuun BAX
passmunbix [111 MOKHO pekoMeH10BaTh BO3/ieiicTBUE
MMITyJTbCaM7 JIUTeNbHOCTBIO 10 MKC.

Jltst MUHIMU3AIIT HAKOTLIEHUS TeTLTa, JJUTeb-
HOCTh Tay3bl TI0CJIE€ KaXK/O0TO BO3/I€HCTBYIONIETO
UMITYJIbCA JIOJIKHA OBbITH IOCTATOYHOM JIJIs1 BO3Bpa-
menus 1111 B ucxognoe rteroBoe cocrosiaue. Co-
ruiacHo Beipaskennio (2), ocroiBanue ITIT mpoucxo-
JIAT TI0 9KCITOHEHITNATHHOMY 3aKOHY, TTO9TOMY /IS
olIpe/ie/IeHrs] MOMEHTA OCThIBaHUsI HEOOXOIUMO 3a-
JIaTbCsl HEKOTOPBIM TTOPOTOBBIM 3HAYEHUEM TeMIIe-
paTypbl, MPU JIOCTUXKEHUN KOTOPOTO IPpUOOp MOXK-
HO CUUTATh OCTBIBIIIKM.

C 11e1bI0 YTOUHEHUST JJIUTETbHOCTH TAYy3bl MEXK-
Iy BO3JEUCTBYIONUMU WMITYTbCAMHU PACCUUTAEM
BpeMsi, HeoOxoauMoe it octhiBanus 1111 B «Hau-
XyJuieMy ciaydae — IIpu nojgade Ha cuiaoBoil 1111
UMITYyJIbCA MAaKCUMAaJbHO JIOMYyCTUMON MOIIHOCTH.
B kauectBe cusoBoro npu6opa BO3bMEM I0JIEBOI
MOII-rpansuctop IRF2804, monHoCcTh nMITyIbCa
3agaaum pasuoit 750 Bt [8], pnurenprocTh M-
nyJsbca 10 MKc, HavagabHyio temieparypy 25°C,
MOPOroBOe 3HaYeHue Temreparypsl 25,1°C.

PesybraTbl pacueToB, 1OJTy4YeHHBIE C UCTIOTIH30-
BaHMeM TeILI0Boil MaTeMaruueckoit Mogesu (3), (4),

0, "C|_ WMy nbebl MolHOCTH 7PéOBT
27,4 B /
26,8 || 4480
26,21 Temnepatypa
i hN ~240
25,6 |+ .
| 0=25,1°C
5_"__1____1'_" r—-————|————0
0 30 60 90 120 ¢, Mkc

Puc. 6. l3Menenne TeMrepaTypbl KpUCTasla CHIOBOTO

tpan3uctopa IRF2804 npu BoazaeiictBuM Ha Hero mps-

MOYTOJIBHOTO UMITYJIbca MOIMHOCTBbI0 750 BT u nmrtenn-
Hoctbio 10 MKC

MpejicTaBJIeHHbIE HA pUC. 6, TOKAa3bIBAIOT, UTO TIPU
3aJIaHHBIX YCJOBHUSX BPEMSI OCTBIBAHUS CHJIOBOTO
[III cocraBmsier 80 Mxc. CoOoTBETCTBEHHO, TPH TIO-
Jlade MeHee MOIIHBIX WMITYJIbCOB TeMIepaTypa Ha-
rpeBa M BPeMsl OCTBIBAHUS II0JIyIPOBOHUKOBOI
CTPYKTYPbI Oy/IyT MEHbIIIE.

PacueTnt, BbITTOTHEHHBIE ST PSA CUJIOBBIX TI0-
JIYITPOBOJHUKOBBIX TTPUOOPOB APYTUX TPOU3BO/IU-
TeJsieil, TIoKa3aJju, 4To 1aysa AJUTeJbHOCTbIo 80 MKC
SIBJISIETCST IOCTATOYHOM [IJIT BO3BPAIIEHUS KPUCTAJI-
JioB atux IIII B ucxoHOE TEIJI0BOE COCTOSTHUE.

PesyabTaThl MOmeMpoBaHUA TMpollecca Harpe-
Ba cuyosoro I111 IRF2804 ipu namepenun ero BAX
UMITYJIbCHBIM CIIOCOOOM C PEKOMEH/YEMBIMU TIa-
paMeTpaMy U3MEPUTETbHBIX UMITYJTbCOB IPE/ICTaB-
JIeHBbI Ha pUc. 7. VI3 BpeMeHHDBIX AuWarpamMm BU/-
HO, YTO TeMIIepaTypa TPAaH3UCTOPa Mepe/l KasKIbIM
CJIeJIyIOIUM UMITyJIbCOM BO3BpalllaeTcsl K 3Haue-
HUo, GJIU3KOMY K TIepBOHAYAJILHOMY, M HarpeB
11T 3a Bpems usmepenusi BAX cocrasuu npu6iu-
autespHO 1°C.

Pacuer otknonenus BAX IIII mpu ucnosb3oBa-
HUW PEKOMEHIyEMBIX TTapaMeTPOB UMITY IbCHOU TTO-
CJIeZIOBATETbHOCTHU TIOKA3aJl, YTO MAKCUMAJIbHOE OT-
KJoHeHne Al TOKa CTOKa B pesyJ/ibTaTe HaKOILIe-
HUs Tersia He npeBbicuyio 0,15 A, 4TO coCTaBUJIO
0,2% OT MaKCHMaJIbHOTO 3HA4YeHHs] TOKa Ha Iac-
noptHoit BAX, cpeHeKkBa/ipaTuueckoe OTKJIOHEHNE

0, °C P, Br
100 WMirysibcbl MOLTHOCTU - 624
80 - 468
Temneparypa
60 -312
40 - 156
”h SRR
20
0 0,5 1,0 1,5 t, MKC

Puc. 7. V3menenune TeMIepaTrypbl CHJIOBOTO TPaH3HC-
topa IRF2804 B mpomecce namepenusi ero BAX um-
IyJIbCHBIM CIIOCOGOM € PEKOMEH/IYEMbIMH T1apaMeTpaMu
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xapakTtepucTuku coctaBmiao 68 MA. Takoe oTkJ0-
Henue s cusoBoro 11 MoxHO cumrtath rpeHe6-
PEXKIMO MAJIbIM.

Cnenyer uMerb B BUJY, YTO TIPU HCIIOJb30Ba-
HUW YKa3aHHBIX 3HAYEHUN TapaMeTpOB MMITYJIbC-
HO¥ TI0CJIEIOBATENbHOCTU JIJIST MAJIOMOIIHBIX TMPU-
60POB 1 GOJIBIIIOM KOJMIECTBE UBMEPUTETBHBIX UM-
MyJIbCOB, BpeMsI u3MepeHus OyJieT HeONpaB/laHHO
6ospiuM. C 11e/IbI0 €T0 COKPAIEHUsT JIJIST MaJio-
MOIITHBIX TTPUGOPOB MOKET OBITh ITPUMEHEH a/[all-
TUBHBIN CIIOCO0, TTpeaIoKeHHbli B [13].

BbiBo1b1

Ananu3 croco60B U3MEPEHUST BOJIbT-aMIIEPHBIX
XapaKTePUCTUK TI0JIYIIPOBOJHUKOBBIX MPUOOPOB
IoKa3aJi, 4To HaunboJiee TEPCIEKTUBHBIMU C TOUYKU
3pEHMS CHIKEHUST Pa3orpeBa MoJTyTPOBOIHIKOBOM
CTPYKTYPBI B TIPOIECCE NU3MEPEHUS SBJSIOTCS aBTO-
MaTU3UPOBAHHbIE UMITYJIbCHBIE CIIOCOODI.

PacueTn, mpoBeieHHbIE € UCTTOTH30BAHUEM TIPE/T-
JIO’KEHHOH TEILJIOBOM MaTeMaTH4eCKOU MOZEJH, II0-
3BOJIMJIN YCTAHOBUTDb, YTO HEKOPPEKTHOE 33aJlaHue
MapaMeTpoB MMITYJIbCHOM TIOCJI€/I0BATETHHOCTHU JIJIST
CUJIOBBIX TIOJIYTTPOBOIHUKOBBIX TIPUOOPOB TIPUBO/TUT
K 3HAUNTEJbHOMY HATPEBY UX CTPYKTYPHI W, COOT-
BETCTBEHHO, CYIIECTBEHHOMY MCKA’KEHUIO U3Mepsie-
MBIX XapaKTEPUCTHUK, TOTJA KaK IJIT MAaJOMOITHBIX
puOOPOB 3TO UCKAKEHHE TTPEHEOPEKNMO MaJIO.

Ucnonb3oBanue TPeJIOKEHHON TEeIJIOBOM MO-
JleJIV, YYUTBIBAIONIE! HAKOILJIEHUE TEeTLIa, T03BOJIU-
JIO OTIPEZIENTNTD, UYTO MPU JJUTETLHOCTH UMITYJIHCOB
10 Mxc u puTenbHOCTH Tay3 Mex Ty HuMu 80 MKC
HarpeB CTPYKTYPbI TOJTYITPOBOIHUKOBOTO TTPHGOPA
MUHUMU3UPYETCS.
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tics by pulse method.
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The thermal mathematical model is used to estimate
self-heating of semiconductor devices of various types
during current-voltage characteristics measuring by
the pulse method. The influence of self-heating on
electrical parameters of semiconductor devices is
analyzed. The recommendations for determination of
values of measuring pulse sequence parameters are
formulated to minimize self-heating of semiconductor
structure.
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Epmosierro €. O., borgapenko O. @., bapanos O. M.
TensoBa MareMaTH4YHa MOJeJb HaIiBIPOBiJIHUKOBUX
NMPUJIa/iB NPH BHMipIOBaHHI BOJIbT-aMIEPHUX Xapak-
TEPUCTUK IMIYJbCHUM CIIOCOGOM.

Kntouosi croea: BombT-aMIIepHA XapaKTepUCTHKA, Ha-
MiBIIPOBITHUKOBWI TIPUJIAJ, IMITyJbCHHUI CIIOCI6 BHUMi-
PIOBaHHS, TEIJIOBA MOJEJb.

TennoBa MaTeMaruuyHa MOJe/Ib BUKOPUCTOBYETHCS [
OL[iIHKKM CaMOpO3irpiBy HaliBIPOBiIIHUKOBUX IIPUJA/IB
pi3HUX THUIIB B Ipolleci BUMipioBaHHd ix BAX immnyJb-
cHuM croco6om. IIpoaHanizoBaHO BIJIMB CaMopO3iTpi-
BY Ha €JICKTPUYHI ITapaMeTPH HalliBIPOBiIHUKOBUX IIPH-
gagis. CdopmynboBano pekomenzgaiii 3 BuGoOpy 3Ha-
YeHb ITapaMeTPiB BUMiPIOBAIbHOI iMITyJIBCHOI TIOCJIi/I0B-
HOCTi, BUKOPHUCTaHHS AKUX /I03BOJIAE MiHiMi3yBaTu ca-
MOPO3irpiB HamiBIPOBITHUKOBOI CTPYKTYpH.
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iyHUil yHiBepcurer.
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